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ABSTRACT
1. A s p i r a c u la r  c los ing  mechanism is lacking in the hygric  
Pachydesmus c r a s s ic u t is  and in the mesic Orthoporus te x ic o le n s , but in 
the l a t t e r  the s p i rac les  can be closed by a combination of  d ip loseg-  
mental overlap  and close appression of the coxae.
2 .  The ra te  of  water loss a t  severa l  temperatures is much less in 
0 . tex ico lens than in £ .  crass icut  i s . and n e i t h e r  is a f fe c te d  by 
elevated carbon d iox ide  l e v e ls .
3 .  Because of  the contro l  o f  r e s p i r a t o r y  water  loss in 0.  
t e x ic o le n s , c u t i c u l a r  water loss accounts fo r  about h a l f  the d a i l y  
water loss under des icca t ing  cond it ions;  but in £ .  crass icut  i s so much 
water is lost  v ia  the re s p i r a to r y  system tha t  c u t i c u l a r  water loss is 
minor in comparison.
k .  £ .  crass ic u t is  has a g re a te r  d es icc a t io n  to le rance  (by main­
ta in in g  a constant hemolymph osm olar i ty )  than 0 . t e x i c o l e n s . but 
0 . tex ico lens  (by r e s t r i c t i n g  s p i r a c u la r  water loss) has a g reater  
to le rance  to des iccat ing  condit ions than £ .  crass i cut i s .
5.  Both species are oxygen conformers, but £ .  crass icut  is has a 
much higher r a te  of oxygen consumption than 0 . t e x i c o l e n s .
6 . Both species are ammonotelic,  but £ .  crass icut  is feces a lso  
contains urea (urea/ammonia r a t i o  of  0 . 0^ 7) and 0 . tex icolens feces 
also  contains u r ic  acid ( u r ic  acid/ammonia r a t i o  of  0 . 50 ) .
INTRODUCTION
Water loss is a major problem to  a l l  t e r r e s t r i a l  l i f e ,  m i l l ip e d s  
being no except ion ,  but a search of  the l i t e r a t u r e  did not reveal  
conclus ive  evidence as to  the major s i t e  of  water  loss and the means of  
i t s  con tro l  in m i l l i p e d s .  The purpose of  th is  in v e s t ig a t io n  was to  
determine the morphological and phys io log ica l  means th a t  re p re s e n ta t iv e  
m il l ip e d s  use to prevent water  loss .  The animals se lected  were from 
two d i f f e r e n t  h a b i ta ts  and represented two d i f f e r e n t  phylogenet ic  
l in e s :  the polydesmoid Pachydesmus c r a s s ic u t is  c r a s s ic u t is  (Wood) from
a hygric  h a b i ta t  and the s p i r o s t r e p t o id  Orthoporus tex ico lens  
Chamberlin from a mesic h a b i t a t .
Previous workers are  c o n t r a d ic to r y  in t h e i r  opinions of the ro le  
of the integument and the r e s p i r a t o r y  system in water loss in m i l l i ­
peds. Verhoef f  (1 9 2 8 -3 2 ) ,  Edney (1957 ) ,  Kevan (1962 ) ,  Dwarakanath and 
Job (1965 ) ,  and Toye (1966) reported tha t  the trachea l  system is the  
major s i t e  of  t r a n s p i r a t i o n ,  w h i le  Clouds ley-Thompson ( 1950) reported  
th a t  the major s i t e  is the c u t i c l e .  O 'N e i l l  (1969) agreed tha t  the  
primary s i t e  o f  water loss is the trachea l  system, but s ta ted  tha t  
water  is a lso  taken up through the c u t i c l e  when a des iccated animal  
( Narceus americanus) comes in contact  w i th  a wet sponge. This means of  
water  uptake demonstrates the p e rm ea b i l i ty  o f  the c u t i c l e  to  w a te r ,  and 
thus I assume tha t  water  can be los t  v ia  the c u t i c l e .  Edney (19^9) and 
Clouds ley-Thompson (1950) did not f in d  a wax layer  in the e p i c u t i c l e  of  
the Diplopoda, and the m i l l ip e d s  did not demonstrate a " c r i t i c a l "  or 
" t r a n s i t i o n a l "  temperature c h a r a c t e r i s t i c  o f  those insect species w ith
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a d i s t i n c t  wax la y e r .  This t r a n s i t i o n a l  temperature Is the temperature  
at  which the e p I c u t i c u l a r  wax layer  suddenly becomes more permeable to 
w ate r ,  thus p e rm i t t in g  a g r e a t l y  Increased ra te  o f  c u t i c u l a r  t r a n s p l r a -  
t i o n .  Mead-Briggs (1956) s ta ted  tha t  al though the absolute  permeabil ­
i t y  to  water  o f  some arthropod c u t ic le s  w ithout  a wax layer  in the 
e p i c u t i c l e  is high, there  is a low increase in the p e rm e a b i l i ty  w i th  a 
temperature increase .  Cloudsley-Thompson (1950 ) ,  by means of  se lected  
s o lven ts ,  found a l i p i d  in the e p i c u t i c l e  of  Oxidus q r a c i 1 is that  he 
presumed to be an i n e f f i c i e n t  wate rproof ing  agent of  the c u t i c l e .  When 
th is  l i p i d  was removed by hot chloroform the ra te  of  t r a n s p i r a t io n  
increased s l i g h t l y .  Wigglesworth (19^5) reported a constant r e l a t i o n ­
ship between weight and sur face  area fo r  a number of arthropod species ,  
and gave a ra te  o f  evapora t ive  loss from the c u t i c l e  fo r  each stage of  
development of  0 . g r a c i 1 i s , the ra te  being grea tes t  in the e a r l i e r  
s ta g e s .
Most of  the des cr ip t ions  of  m i l l i p e d  re s p i r a to r y  morphology are  
based upon whole mounts and not sectioned m a t e r ia l ,  and thus the 
s t ruc tu res  are  not c l e a r l y  understood. Verhoeff  (1926-28) describes  
the s t r u c tu r e  o f  the trachea l  apparatus o f  various m i l l ip e d s  and 
summarizes a l l  previous work in th is  a rea .  In the Proterospermophora 
(= Polydesmida) he found a trachea l  pocket consists  of three regions  
(p.  1221, F ig .  708 ) ,  the outermost o f  which is par t  of the integument.  
Unbranched tracheae a r i s e  only from the middle region of the t rachea l  
pocket .  Instead of  trachea«, many coxal muscles o r i g in a t e  on 
the w a l ls  o f  the t h i r d  ( innermost)  reg ion ,  ind ic a te  tha t  t racheal  
pockets are  b a s ic a l l y  muscle apodemes. He described in the second region
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of  the tracheal  pocket a small lever  at tached to a c u t i c u l a r  r ing  in 
the w a l l ,  the center  of  which Is a very th in  c u t i c u l a r  window. He 
thought tha t  perhaps when the muscle connected to the lever  con trac ts ,  
the w a l l  o f  the pocket might expand, thus causing the in h a la t io n  of  
a i r .  He thought th a t  th is  muscle is homologous to the c los ing  muscle 
of the sp i ra c le s  o f  the Opisthospermophora (= J u l id a ,  S p i ro b o l id a ,  
S p i r o s t r e p t id a ,  and Cambalida).  He did not th in k  tha t  the Polydesmida 
can c lose  t h e i r  s p i r a c l e s .  In the Opisthospermophora, Verhoeff  
(op c i t . )  described an outer  region f u l l y  w i t h in  the integument, open­
ing to the ou ts ide  through a c los ing  mechanism (p. 1189, F igs .  672-  
675» 6 8 0 -6 8 2 ) .  This c los ing  mechanism was thought to operate  through a 
lever  by a muscle whose o r i g i n  is a t  the base o f  the coxa o f  the 
nearest  leg .  The middle region of  the tracheal  pocket is a t h ic k -  
walled  c y l in d e r  ( i t s  w a l ls  continuous w i th  the integument) and does not 
rece ive  muscles or  t racheae.  The t h i r d  region is expanded in various  
d i r e c t io n s  (depending on the species)  and rece ives both muscles and 
tracheae.  Owarakanath and Job (1965) reported s t ru c tu res  a t  the 
s p i ra c le s  tha t  look l i k e  guard c e l l s  in Spi rostreptus sp. O 'N e i l l  
( 1969) reported tha t  c o i l i n g  ( s p i r a l i n g )  e f f e c t i v e l y  closes the 
s p i ra c le s  of  Narceus americanus and prevents t racheal  t r a n s p i r a t i o n .  
Without e la b o r a t io n ,  Kevan (1962) reported a "more e f f i c i e n t  c los ing  
mechanism of  the s p i r a c le s "  in m i l l ip e d s  than in cent ipeds.
Adaptation to  a dry h a b i ta t  o f te n  includes the exc re t ion  of  
nitrogenous waste products in a comparably inso lub le  form such as u r ic  
acid or guanine. Adaptations to  a moist h a b i ta t  usua l ly  include  
e l im in a t io n  o f  the nitrogenous c a ta b o l i te s  in the more so lub le  form of  
ammonia and/or  urea.  Hubert (1965, 1968, 1969) and Hubert and Razet
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(1965) found ammonia and u r ic  acid in a l l  11 m i l t ip e d  species repre­
senting the Orders Glomerida, Chordeumida, Polydesmida, J u l id a ,  and 
S p i r o s t r e p t id a  that  they in ves t ig a ted .  The r a t i o  of ammonia to u r ic  
acid var ies  between 2:3 and 1:1 in the 11 species.  In one of the 11 
species Hubert studied (Glomeris marginata) .  she a lso found traces of  
urea (1969) ,  but she did not fee l  tha t  urea is an important nitrogenous  
c a t a b o l i t e  in  v i v o . Bennett (1971 ) ,  in his ana lys is  of  non p ro te in  
ni trogen in the excre ta  o f  Cy1 in d r o iu 1 us lond inens is , found both 
ammonia and u r ic  acid in the r a t i o  o f  5:1 and g r e a te r .  He a lso  found 
a rg in in e  in the excreta  of  th is  species and thought that  i ts  presence 
would argue against  the presence of an o r n i t h in e  cyc le  in m i l l ip e d s .
Hydroreception has been a t t r i b u t e d  to  ve s ic u la r  receptors on the 
s t e r n i t e  of  the f i r s t  ( c o l l a r )  segment o f  Cingalobolus bugnioni 
(R a ju lu ,  1964).  Most authors,  including C louds ley-Thompson (195 0 ,  
Shelford  (1913 ) ,  Perttunen (1953 ) ,  and O 'N e i l l  (1967, 1969),  agree tha t  
m il l ip e d s  perce ive  and move toward a moist sub s tra te ,  presumably to 
escape d e s ic c a t io n .  Since m i l l ip ed s  are p r im a r i l y  nocturnal  
(Clouds Iey-Thompson, 1959; Paulpandian, 19 66 ; Brandon, 1967; and 
Stew ar t ,  1969),  i t  is presumed tha t  the avoidance of  d iu rna l  a c t i v i t y  
is an important means of c o n t r o l l i n g  water loss.
Previous workers have employed both time of  death a t  le th a l  low 
r e l a t i v e  humidit ies  and percent weight loss a t  various nonsaturated  
r e l a t i v e  humidit ies  to descr ibe des icca t ion  res is tance  in m i l l i p e d s .  
Clouds 1ey-Thompson (1950) reported about 5%/day weight loss due to  
des icca t ion  in Ox idus grac ?1 is a t  20% r e l a t i v e  humidity ( 2 5 ° C ) . 
Dwarakanath and Job (1965, 1966) reported a *+%/day weight loss at
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8 mm Hg s a tu r a t io n  d e f i c i t  in Sp lrostreptus  asthenes. At t ’ '.- of death 
due to  des icca t ion  a t  0% R .H . ,  Toye (1966) reported a t o ta l  weight loss 
of  30-UO% in S. asthenes. Concerning the length of  t ime th a t  0.  
g ra c i lu s  can l i v e  a t  low r e l a t i v e  h u m id i t ies ,  Causey (19^3) reported  
death w i t h in  15 hours at  0% R.H. ( 2 5 ° C ) , and Perttunen (1953) reported  
death only a f t e r  60-130 hours a t  0% R.H. (26°C) fo r  the same species.  
Toye (1966 ) ,  using Sp irostreptus  a s s in i e n s is , reported death in 9-50  
hours a t  0% R.H. ( 3 0 ° C ) .
In any study of  water balance and des icca t ion  to le rance  i t  is 
important to know the metabol ic  r a te  and oxygen consumption of  the 
animal ,  e s p e c ia l l y  i f  the r e s p i r a to r y  system is suspected of  being the 
major s i t e  of water loss.  The r a te  of  oxygen consumption seems to vary 
between species .  Paulpandian (1966) reported only  3 - ^ j u l / g / h r  O2 
consumption f o r  the p i l l  m i l l i p e d  Arthrosphera d a l z i .  Dwarakanath and 
Job (1966) reported a consumption of  39-69 ^ i l /g /h r  fo r  the s p i r o -  
s t r e p t o id  Sp irostreptus  asthenes. Gromez-Kalkowska (1966) reported a 
r e l a t io n s h ip  between metabolism and weight in 0 . g r a c i 1 is wherein the 
metabol ic  ra te  increased as a funct ion  of  body s iz e  and temperature.
MATERIALS AND METHODS
Liv ing £ .  crass icut i s , taken from East Baton Rouge Parish,  
Louis iana,  and 0. tex ic o le n s , taken from Cameron County, Texas, were 
kept in 2 to 10 ga l lon  covered t e r r a r i a  on a substra te  of  l e a f  mold and 
l e a f  l i t t e r .  For £ .  crass icut i s , the le a f  l i t t e r  and le a f  mold were 
the so le  source of food. Thin,  fresh s l ic e s  of  I r i s h  potato  in add i ­
t io n  to the le a f  mold and l i t t e r  were present as food fo r  0 . 
tex ic o le n s .
To understand f u l l y  the anatomy of  the t racheal  pockets of  the 
te s t  m i l l i p e d s ,  i t  was necessary to study d issected preserved animals 
and h i s t o lo g ic a l  sections of the s terna  w ith  the at tached r e s p i r a to r y  
apparatuses. The animals were k i l l e d  and f ixe d  by in je c t in g  
Duboscq-BasiI 's m o d i f ica t io n  of  Bouin's f i x a t i v e  (Romeis, 1968) w ith  
subsequent immersion in the s o lu t io n  ove rn ig h t .  The region of  the 
body wal l  conta in ing  2 t racheal  pockets was c a r e f u l l y  d issected from 
the body. For both whole mounts and fo r  subsequent sec t ion ing ,  the  
dissected par ts were dehydrated w ith  a ser ies  of  e thanol-water  so lu ­
t io n s .  The t issue was then placed in xylene or te trahydra furan  over­
n ig h t .  For whole mount s tu d ie s ,  th is  t issue  was fu r th e r  c leared w i th  
methyl s a l i c y l a t e  and mounted w i th  Permount. Tissue to  be sectioned  
was l e f t  overn ight  in a 50-50 mixture of  xylene and 60-62°C m el t ing  
point  p a r a f f i n .  Vacuum i n f i l t r a t i o n  was accomplished a t  10-15 mm 
mercury and 65°C. The t issue  was sectioned a t  8-12 microns, s ta ined  
w ith  Mayer's hematoxylin (Romeis, 1968) and eosin ,  and mounted w i th  
Permount.
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Normal values o f  oxygen consumption, carbon d iox ide  product ion,  
and r e s p i r a to r y  quot ient  were determined by the use of  a Gilson  
D i f f e r e n t i a l  Respjrometer . S ing le  s ide  arm f lasks  w i th  a center  wel l  
were used to  conta in  the animals.  A 20% s o lu t io n  of  potassium 
hydroxide on a f i l t e r  paper wick was placed in e i t h e r  the s ide arm or  
the center  w e l 1.
In order to te s t  whether the 2 experimental  animals were oxygen 
reg u la to rs ,  the oxygen consumption was determined a t  lower pPC^. Low 
oxygen content a i r  mixtures f o r  the respirometer  were prepared by 
d i l u t i n g  a i r  w i th  n i trogen and c o l l e c t i n g  the mixture in a 19 l i t e r  
b o t t l e  by water  displacement.  This mix ture  was forced in to  the gassing  
manifold i n l e t  o f  the respirometer  according to the manufacturer's  
opera t ing  ins t ru c t ions  to  purge the reac t ion  f lasks  of  t h e i r  previous  
gaseous conten t ,  leaving the des ired  gas mix ture  in the f l a s k .
Weight loss due to des icca t ion  was determined by p lacing the 
experimental animals in 250 ml beakers which were then placed in a 
200 mm diameter  d e s ic c a to r .  The volume o f  the des iccato r  was about 
5 l i t e r s ,  and i t  contained 200 ml o f  a s u l f u r i c  ac id -w a te r  mixture on 
the bottom to contro l  the s a t u r a t io n  d e f i c i t .  The ac id -water  mixture  
to obta in  these s a tu r a t io n  d e f i c i t s  are given below in Table 1, which 
was adapted from Welsh, e t  al_., 1969. In cases where a carbon 
diox ide  and a i r  mix ture  was used in the des icc a to r ,  C0£ and a i r  were 
c o l le c te d  by water displacement in a 19 l i t e r  b o t t l e .  Dry ice was used 
as the CO2 source. The O2-CO2 mix ture  was forced from the b o t t l e  by 
w ater ,  bubbled through a s u l f u r i c  ac id -w a ter  m ix ture ,  and introduced by 
a i r  displacement in to  the des icca to r  conta in ing  the animals and the
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TABLE 1
S u l f u r ic  Acid Concentrat ion to Give Approximate R e la t iv e  
Humidit ies and S a tu ra t io n  D e f i c i t s  at  Two Temperatures
Vol . H2SO/+ Sp.Grav. °//o S.D. S.D.
per 100ml of r e l a t  i ve at  25°C at  30°C
so lu t  ion so lu t  ion humid i ty mm HG mm Hg
NONE 1 .00 100.0 0 .0 0 .0
8 .2 1 .09 9 k . 8 1.2 1.6
12.1+ 1 .11+ 89 .9 2.1+ 3 .2
16.1+ 1. 8 81+.0 3 .8 5 .0
18.3 1 .20 80.5 k.S 6.1
21.3 1.23 I k .S 6 .0 8 .0
23.1 1.25 70.1+ 7.0 9 .3
21+.6 1.27 65.5 8 .2 10.9
27.0 1.29 6 0 .7 9 .3 12.1+
29 .6 1.315 55 .0 10.7 11+. 2
32 .2 1.3^0 50 .0 11.9 15.8
35 .0 1.361 1+5.0 13.1 17.0
1+2.3 1.1+38 29.5 16.8 22.0
kk.S 1.1+56 25.0 17.8 23.1+
1+7.0 1.^79 21.5 18.7 21+.3
51.6 1.524 15.5 20.1 26.5
57 .0 1.529 10.5 21.3 38.0
6 7 .0 1.662 k.S 22 .6 29.8
100.0 1.81+0 0 .0 23.8 31.5
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des iccan l .  The 19 l i t e r s  of gas mix ture  purged the des iccator  of i ts  
b l i t e r s  of a i r .  The m i l l ip e d s  were weighed d a i l y ,  and a f t e r  each 
weighing they were returned to the des icca to r  and the des iccator  again  
purged w i th  19 l i t e r s  of the gas m ix ture .  Desiccators for  studies a t  
29°C were kept in an a i r  condit ioned laboratory  where the temperature 
was maintained a t  24°*1 °C .  Higher temperatures were obtained in 
constant temperature cab ine ts .
The procedure for  determining evaporat ive  water loss in the 2 
experimental animals was to weigh the m i l l ip e d s  at  a given s a tu ra t io n  
d e f i c i t  and gas mixture on a d a i l y  b as is .  To determine the extent  of  
c u t i c u l a r  t r a n s p i r a t i o n ,  se lected  animals had a l l  of t h e i r  s p i ra c u la r  
openings covered w i th  a coat o f  rubber cement. They were then weighed 
d a i l y  at  various s a tu ra t io n  d e f i c i t s  and the weight loss compared w i th  
the weight loss o f  animals w i th  unblocked s p i r a c le s .
To determine i f  c o i l i n g  resul ted  in te lescoping of the d ip loseg-  
ments to  the extent  of  covering the s p i r a c le s ,  both preserved and 
l i v i n g  animals were made to  c o i l  and the amount of te lescoping observed 
under 6-50X stereoscopic m a g n i f ic a t io n .  Since extensive te lescoping  
did occur in 0 . tex ic o le n s , an e f f o r t  was made to determine i f  c o i l in g  
aided in the r e t a r d a t io n  o f  water loss v ia  t r a n s p i r a t io n  through the 
s p i r a c le s .  L iv ing  0.  tex icolens were s t ra ightened out and fastened to  
small diameter  wooden s t ic ks  w i th  2 or 3 rubber bands. When so pre­
pared they were res t ra ined  from c o i l i n g ,  thus exposing the s p i rac les  at  
a l l  times to the drying atmosphere.
To determine i f  heat a f fe c te d  the waterproof ing q u a l i t i e s  of  the 
c u t i c l e ,  some animals were heated to kb°Z in a beaker placed in a hot
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a i r  oven fo r  10 minutes. They were placed in the appropr ia te  des ic ­
ca tor  at  a given s a t u r a t io n  d e f i c i t  and temperature and the ra te  of  
weight loss determined.
To determine the e f f e c t  o f  abrasion on the waterproof ing  
q u a l i t i e s  o f  the c u t i c l e ,  some animals were coated w i th  about 400 mesh 
hone glass compound and g en t ly  rubbed between the thumb and index 
f in g e r  f o r  about 1 minute. These animals were placed in des iccators  at  
given s a tu ra t io n  d e f i c i t s  and temperatures. As the animats moved 
about,  they continued to abrade the exoskeleton due to f r i c t i o n  between 
body p a r ts .  The ra te  of  weight loss was determined and compared to the  
weight loss of  nonabraded animals.
In order to  determine the change in hemolymph osm ola l i ty  r e s u l t in g  
from evaporat ive  water loss in the 2 study m i l l ip e d  species,  the 
fo l low ing  procedure was employed. Hemolymph was co l le c te d  from 
la te rodorsa l  punctures on the exoskeleton and d i lu t e d  to determine the 
osmolal concentra t ion  w i th  an Osmette Prec is ion Osmometer. The minimum 
d i l u t i o n  possib le  to ob ta in  the required amount o f  l iq u id  from 1 
animal for  th is  instrument was 6 . 7 : 1 .  To see i f  a mixture of  d i f f e r e n t  
compounds such as would be present in hemolymph would give correc t  
reading w i th  high d i lu t i o n s  on the osmometer, so lu t ions  o f  sodium 
c h lo r id e ,  sodium b icarbonate ,  and magnesium s u l f a t e  were mixed in 
various proport ions and in various d i l u t i o n s .  Readings o f  d i lu t io n s  of  
these mixtures were inverse ly  p roport iona l  to  the d i l u t i o n  f a c t o r .
To check the amount o f  amino acid in the hemolymph, a ninhydrin  
spectrophotometric ana lys is  was performed according to the procedure of
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M eites ,  £ t  a ^ . , 1962. One tenth  ml hemolymph was c o l le c te d  from a 
la te rodorsa l  puncture and d i lu t e d  to  a t o ta l  volume o f  I . 5 ml w ith  
d i s t i l l e d  w ate r .  A standard o f  2% a lan in e  was used. The percent  
transmission a t  570 i M̂ using a Perkins Elmer spectrophotometer was read 
fo r  both samples. A c a l i b r a t i o n  curve was not prepared or  needed (see 
r e s u l t s ) .
A q u a n t i t a t i v e  ana lys is  of  ammonia and urea in the feces of  both 
m i l l ip e d  species was performed by the m ic ro d i f fu s io n  technique of  
Conway (1942 ) .  One gram o f  feces was dissolved in 1 ml o f  biphosphate-  
dihydrogen phosphate b u f f e r ,  pH 7,  and then d i lu t e d  to  a t o ta l  volume 
o f  10 ml.  To determine the amount o f  ammonia n i t rogen present ,  0 .5  ml 
satura ted  potassium carbonate s o lu t io n  and 0 .5  ml of  the d i l u t e  sample 
were mixed in the outer  chamber of a Conway m ic ro d i f fu s io n  c e l l .  One 
tenth  ml o f  an 0 .05  N s u l f u r i c  acid s o lu t io n  w i th  an in d ic a to r  was 
added to the inner wel l  o f  the c e l l .  A f t e r  sea l ing  the top o f  the c e l l  
w ith  i ts  cover ,  the c e l l  was rota ted  to mix the so lu t ions  in the outer  
chamber. The c e l l  was al lowed to stand a t  room temperature fo r  1 hr ,  
a f t e r  which time the l i d  was removed and the acid t i t r a t e d  w i th  0 .05  N 
sodium hydroxide s o lu t io n .  The micrograms n i trogen from ammonia were 
ca lcu la ted  from the equation
k ( A - B )  0 
j jgN/g feces « ----- ------
where K is the atomic weight o f  n i t rogen times the p i  acid in the inner  
w el l  times the acid  norm al i ty ;  A is the volume acid in the inner w e l l ;
B is the volume base a t  the same norm al i ty  as the acid used in the  
t i t r a t i o n ;  and D is the d i l u t i o n  fa c to r  o f  the b u f fe r - fe c e s  s o lu t io n .
To determine the amount o f  n i t rogen der ived from ammonia and from urea,
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0.5  ml of  the d i l u t e  b u f fe r - fe c e s  s o lu t io n  was added to the outer  c e l l  
w ith  0 .5  ml u reas e -b u f fe r  s o lu t io n  ( I  mg/ml) ,  the c e l l  was covered, and 
the mix ture  al lowed to  d igest  fo r  1 hr a t  room temperature before the 
potassium carbonate s o lu t io n  was added. T i t r a t i o n  and c a lcu la t io ns  
were the same as f o r  the ammonia determ inat ion .  To ad just  for  any 
ammonia tha t  might have been given o f f  by the u rease -buffe r  s o lu t io n ,  a 
contro l  was run w i th  only b u f fe r -u rea se  and potassium carbonate s o lu ­
t ions in the outer  wel l  and the in d ic a to r -a c id  s o lu t io n  in the center  
w e l l .  Nit rogen l ib e ra te d  in th is  manner on a per gram basis was 
subtracted from the amount found in the ammonia plus urea determina­
t io n .  The amount of  urea n i trogen equaled the n i t rogen from ammonia 
and urea minus the n i trogen from ammonia and the c o n t r o l .
A q u a n t i t a t i v e  ana lys is  of  the u r ic  acid in the feces o f  the 2
tes t  m i l l ip e d s  was accomplished by the method of  F o l in  and Wu (1919 ) .
One-half  gram o f  feces was added to 1 ml o f  10% sodium tungstate in 
2/3  N s u l f u r i c  ac id  to  p r e c i p i t a t e  any p ro te in  present .  This mix ture  
was added to 1 ml saturated  l i th iu m  carbonate s o lu t io n  to  d isso lve  the
u r ic  a c id .  The t o ta l  volume o f  the r e s u l t in g  s o lu t io n  was brought to
5 ml by the a d d i t io n  o f  d i s t i l l e d  w ate r .  Three ml o f  th is  s o lu t io n  was 
used as an unknown and 3 ml d i s t i l l e d  water served as a b lank.  Five  
cuvets were prepared tha t  contained standard u r ic  acid concentrat ions  
of  .05 mg/ml to  0.000*+ mg/ml. To each cuvet ,  1 ml Folin-Wu reagent and 
1 ml 1*+% sodium carbonate s o lu t io n  was added. The percent transmission  
a t  710 nui using a Spectronic  20 spectrophotometer was used to prepare a 
standard curve against  which the concentra t ion  of  the unknown was 
determi ned.
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A l l  s t a t i s t i c a l  ana lys is  was c a lcu la ted  as the 95% f r a c t i l e s  o f  
ihe var iance d i s t r i b u t i o n  (F t e s t ) .
RESULTS
Pachydesmus crass icut  is
Anatomical s tudies  of  the tracheal  apparatus,  or t racheal  pockets 
as Verhoeff  termed them, revealed tha t  each tracheal  pocket consists of  
3 regions (F ig s .  1 -4 ,  A, B, C) w i th  a t o t a l  length o f  1.45 mm in an 
adu l t  female 68 mm long. The large oval s p i r a c l e  (SP) opens into  a 
rugose cup (A) ,  the inside o f  which is covered w i th  a g r i l l  work which 
I presume funct ion$as dust catchers (F ig s .  3,  4 ,  G ) . The second 
region (B) has unbranched tracheae (T) a r i s in g  from i t .  At approxi ­
mately the j u n c t io n  o f  the f i r s t  and second region is a l e v e r - l i k e  
c u t i c u l a r  process w i th  a muscle ( .02  mm d ia m e te r ) ,  which o r ig in a te s  a t  
the coxal base o f  the leg nearest to  the s p i r a c l e  ( F ig .  2 ,  L, LM). The 
second region is enlarged a t  the level  o f  the lever  where approximately  
300 tracheae a r i s e .  Another mass o f  about 150 tracheae a r i s e  at  
d i f f e r e n t  points  on the second reg ion .  The t h i r d  region (C) is a 
taper ing con t inua t io n  o f  the second chamber, which is about .70 mm in 
length.  Muscles (M) th a t  inser t  on the coxae and o ther  re s p i r a to r y  
apodemes ( t rachea l  pockets) o r i g in a t e  from the wall  of  the t h i r d  
region.  The c u t i c u l a r  w a l l  o f  the tracheal  pocket is th ic kes t  ( .05  mm) 
in the f i r s t  region around the s p i r a c l e  and in the area o f  the le v e r ­
l i k e  process (L) ( .05  mm). The s c le r o t iz e d  r ing  (F ig s .  2,  4 ,  R) to  
which the lever  at taches is .065 mm th ic k ,  which is t h ic k e r  than the 
wall  o f  the second reg ion.  The th innest  s c le r o t i z e d  areas are  the wall  
of the second region where the tracheae a r is e  and the window (W) in the 
center  of the r ing  ( R ) , both being only .005 mm t h ic k .  The muscles
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Pla te  I .  Pachydesmus c r a s s I c u t i s .
F ig .  I :  Ventral  view of  parts  o f  3 sequent ia l  diplosegments
( l a b e l l e d  | ,  | | ,  and I I I )  w i th  the r ig h t  legs removed. A n te r io r  is
up. The l i m i t  of te lescoping overlap  of the p o s te r io r  edge of  a 
diplosegment onto the diplosegment p o s te r io r  to i t ,  upon c o i l i n g  of  
the m i l l i p e d e ,  is shown by the heavy dashed l in e  ( L T ) . Ne i ther  the 
legs nor the act  of  c o i l i n g  can c lose the sp i rac les  (SP) (see t e x t ) .
F ig .  2: In te rn a l  medial view o f  t racheal  pocket (TP 1) to show
complete r ing  s t r u c tu r e  ( R ) , lever  ( L ) ,  and window (W). Compare
th is  wi th f ig u re  k.
F ig .  3: S a g i t t a l  ( l i n e  "a" in f i g .  1) sect ion  of t racheal  pocket
and s p i r a c le  ( S P I ) .  Note the large opening in to  the t racheal  pocket 
and the dust catchers on the g r i l l  work (G) , which a r is e  from the 
wall  of the outer  region of  the trachea l  chamber (A) .
F ig .  k:  Cross sect ion  of  f i r s t  tracheal pocket and s p i r a c le
showing an angled cut of  the r ing  s t r u c tu r e  (R) and window (W).
Other abbrev ia t ions are:  Outer region (A ) ,  Middle region ( B ) ,
Inner region ( C ) , Coxal c a v i t y  (CC), Coxa (CX), Body wal l  (BW), 
Tracheae ( T ) , Lever muscle (LM), Coxal muscles (M) .
PLATE I
ju a 'ii inirff
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with  o r i g in  on the t h i r d  region indicates that  the whole apparatus is 
o r i g i n a l l y  evolved as an apodeme.
When £ .  crass icut  is is co i led  the a n t e r io r  por t ion  of the sternum 
of each diplosegment is p a r t i a l l y  covered by the p o s te r io r  por t ion  o f  
the sternum of the next a n t e r io r  diplosegment (F ig .  1, L T ) . Because 
the sternum is e levated at  the union of the coxae and the sternum, and 
the s p i rac les  are l a t e r a l  to the coxae, the te lescoping cannot possib ly  
cover the sp i rac les  in th is  species.  The a r t i c u l a t i o n  o f  the various  
leg segments is such that  they cannot be moved in such a manner that  an 
a r t i c l e  o f  the leg can cover the s p i r a c l e .
The resu l ts  obtained from the des iccat ion  of th is  animal in a i r  at  
2 mm Hg, 4 mm Hg, and 6 mm Hg s a tu ra t io n  d e f i c i t  fo r  5 days revealed  
that  the average weight loss per day fo r  a t o ta l  of 27 specimens was 
6.05%, 18.4%, and 26.7% re s p e c t iv e ly  at 24°C (Table 2 ) ,  and for  a t o ta l  
of 17 specimens, 6.73%, 20.8%, and 26.2% resp e c t ive ly  at  30°C (Table 2).  
The d i f fe ren c es  of the two temperatures are not s i g n i f i c a n t  ( P > .0 5 ) .
The r a te  of  des iccat ion  was highest for  the smal le r  s ized adu lt  (range 
62 to  78 mm) and immature (range 32 to 57 mm) animals.  The average
time to death for  animals a t  24°C was in excess of  5 days at  2 mm Hg
S .D . ,  3 .5  days at  4 mm Hg S .O . ,  and 2 .4  days at  6 mm Hg S.D. (Table 2 ) .
At 0% R.H. (24 mm HgS.D., 24°C) animals died w i t h in  36 hrs .  The
average weight loss a t  the end o f  the 5-day tes t  period was 30.25% at  
2 mm Hg S . D . ,  at  which time a l l  animals were l i v i n g .  The weight loss 
a t  death a t  4 mm Hg S.O. and 6 mm Hg S.D. was 64.40% and 64.08% 
r e s p e c t iv e ly .  The weight loss a t  0% R.H. (24 mm Hg S . D . ,  24°C) 
averaged only 56% of the o r i g in a l  body weight .  This low f ig u re  was
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TABLE 2
Effec ts  of Desiccat ion on Pachydesmus £ .  crass icut  is
Cond i t  i ons
No. of  
Spec i -  
mens(n)
Average
I n i t i a l
Weight











Loss at  
Death
In a i r ,  24°C
2mm Hg S.D. 10 1.39x0*08 6 .05x0 .90 5* 3 0 .2 5 * *
4mm Hg S.D. 9 1.4 3 -0 .0 7 18.4 ±2.51 3.5 64.40
6mm Hg S.D. 8 1 .4 6 -0 .1 0 26 .7  ±4 .37 2 .4 64 .08
24mmHg S.D. 4 1. 4 4 - 0 .10 4 4 .8  - 7.02 1.25 56.04
Teneral Form, 
2mm Hg S.D.
A i r ,  24°  
1
C
1.97 41.2 1 41.2
4mm Hg S.D. 1 2.03 49.3 1 49 .3
In A i r ,  30°C
2mm Hg S.D. 6 1.44x0.09 6 .7 3 J 1 .08 5* 33 .65v*
4mm Hg S.D. 5 1.38x0.12 20.8  ±3.00 3 .7 65.04
6mm Hg S.D. 6 1 .46-0 .11 26.2 ±4.93 2.2 64.92
In 5% C02 , 95% 
2mm Hg S.D.
A i r ,  24 
4 ° C + 1.43x0.10 6 .5  ±1.03 5- 32 .50>--
4mm Hg S.D. 4 1 .3 7 -0 .0 9 17.4 ±2 .97 4.1 72.34
Abraded, in A i r ,  24°C 
2mm Hg S.D. 2 1.49x0.12 6 .0 1 ± 1 .19 5* 30 .05**
4mm Hg S.D. 2 1 .43 -0 .13 19 .00±3 . 7 1 3 .6 68 .40
Heated to 45°C 
2mm Hg S.D.
, in A i r  
2
, 24°C 
1. 32±0 .10 6 .15±0 .99 5* 30 .75**
4mm Hg S.D. 2 1.4 2 ± 0 .09 I9 .30±3 .02 3 .6 69 .48
6mm Hg S.D. 2 1. 36- 0 .10 25.40±5.03 2 .8 71.12
Sp irac les  Closed w i th  
4mm Hg S . D. 3
Rubber Cement 
1.37x0.11 1.5 ±0 .04 1. 5* * *
6mm Hg S.D. 2 1 - 39 -0 .13 3 .0  ±0.11 1. 5 * * * - -
*  A f te r  5 days a l l  animals were s t i l l  a l i v e  and were returned  
to the te r ra r ium .
* *  Average weight loss at the end of 5 days.
* * *  A l l  animals died w i t h in  36 hours, probably o f  anoxia.
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probably due to the rapid d es icca t ion ,  causing death a t  a lesser body 
wci(|ht loss compared to the weight loss at  death at  2 mm Hg and 4 mm 
Hg S.D. The average time to death for  animals a t  30°C was in excess of
5 days at 2 mm Hg S . D . ,  3 .7  days at 4 mm Hg S . D . ,  and 2 .2  days at  6 mm 
Hg S.D. (Table 2 ) .  The average weight loss at  the end o f  the 5-day 
te s t  period was 33.65% at  30°C and 2 mm Hg S .D . ,  a t  which time a l l  
animals were l i v i n g .  The weight loss a t  death at  4 mm Hg S.D.  and
6 mm Hg S.D. was 65.04% and 64.92% r e s p e c t iv e ly  (Table 2 ) .  The average 
weight loss of  animals at  24°C and 30°C a t  2 mm Hg S.D.  and 4 mm Hg
S.D.  w i th  5% CO2 is not s i g n i f i c a n t l y  d i f f e r e n t  (P>.05)  from the weight  
loss of  animals under the same condit ions without  the CO2 (Table 2 ) .  
Animals that  were abraded before being subjected to des iccat ing  condi­
t ions a lso  had the same ra te  of  weight loss ( P>.05) as the unabraded 
animals (Table 2 ) .  Animals that  were f i r s t  heated to 45°C before  being 
subjected to des icca t ing  condit ions had the same ra te  of weight loss
( P>.05) as the unheated animals.  With the s p i rac les  plugged w ith  
rubber cement, the average weight loss per day a t  24°C was 1.5% at  
4 mm Hg S.D. and 3.0% at  6 mm Hg S.D.  (Table 2 ) ,  which is considerably  
less than the weight loss o f  animals w i th  unblocked s p i r a c le s .
Defecat ion seldom occurred during de s ic c a t io n ,  but when i t  
occurred,  the water loss was ca lcu la ted  as par t  of  the t o ta l  water  
loss.  The feces of  an animal from the 100% R.H. te r ra r iu m  contains  
about 85% w ate r ,  w i th  the water content dropping to 65% during des ic -  
cat  ion.
In two instances tenera l  forms of £ .  c ra s s ic u t is  were found 
emerging from t h e i r  molt ing chambers and they were subjected to drying
c ond i t ions .  The c u t i c l e  o f  these animals was s t i l l  s o f t ,  not yet  
KNiiplolcly tanned or c a l c i f i e d .  When they were exposed to sa tu ra t io n  
d e f i c i t s  of 2 mm Hg and *4 mm Hg they died w i t h in  2*4 h r s , having lost  
over *40% of  t h e i r  body weight (Table 2 ) .
The ra te  of  oxygen consumption at  I5°C, 2*4°C, and 35°C was 
*46.0 p l / g / h r ,  10*4.6 p l / g / h r ,  and 256.3  ju l /g /h r  re s p e c t iv e ly ,  w i th  a 
Qjg of  2.01 between 15°C and 2*4°C, and a of  1.86 between 2*4°C and 
35°C. The r e s p i ra to ry  quot ient  fo r  15°C was . 788, fo r  2*4°C .759 ,  and 
fo r  35°C .801 (Table 3 ) .  At 2*4°C the average oxygen consumption was 
85.*+ p l / g / h r  in 15% 02 , and 6 5 .*+ > j l /g /h r  in 10% 02 (Table 3 ) .
The osmolal concentrat ion of  the hemolymph for  three normally  
hydrated adults  averaged 180 mi 11iosmoles. This value did not change 
a f t e r  3 days des iccat ion  a t  6 mm Hg S.D.
The analys is  of  the hemolymph for  the presence of  amino acids  
involved a determinat ion  o f  the concentrat ion of  the carboxyl groups.  
Since other  compounds such as prote ins  or organic acids conta in  th is  
r a d i c a l ,  the te s t  was not s p e c i f i c  for  amino ac ids .  However, i f  no 
l i g h t  was absorbed at  570 mp, i t  can be concluded that  no amino acids  
(or other  carboxyl conta in ing compounds) were present .  This was the 
case. No amino acids were present in a concentrat ion that  could be 
detected by th is  means of  analysis  in e i t h e r  species of  m i l l i p e d .  The 
2% a lan ine  standard did ind ica te  a drop in t ransmission,  ind ic a t in g  
that  a concentra t ion  of  amino acids of  th is  magnitude could have been 
d e te c te d .
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TABLE 3
Metabolic  Rate of P. c .  crass icut is
Cond i t  ions
A i r ,  15°C 
A i r ,  24 C 
A i r ,  35°C
15% 02 , 85% N2 , 24°C 
10% 02 , 90% N2 , 24°C
Teneral form
15% 02 + 25'o /  » I ,24°C
<*!
10% 02 + 90%N2 ,2l+°C
?5°C to 24°C = 2.01 
24°C to 35°C = 1.86
Spec imens
Average wt .  
( - I s d . d v . )
Average 02 




L♦ 1 .4 7 ^ 0 .12g 46 .0 .788
16 1.U6J0.07 104.6 .759
8 1.51x0.09 255.7 .801
5 l . W O . l l 85 .4 —
5 1.39-0 .11 65 .4
1 1.72 169.0
1 1.95 126.1 —
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Analysis of  the feca l  m ater ia l  of  £ .  c ra s s Ic u t ls  on the day that  
they were taken from t h e i r  n a t iv e  h a b i ta t  of  moist lea f  l i t t e r  and lea f  
mold revealed the presence of ammonia and urea. No u r ic  acid was 
found. The concentra t ion  of n i t rogen from urea was 0 .004 mg/g feces,  
and the n i trogen from ammonia was 0 .09  mg/g feces .  These concentra­
t ions represent a urea/ammonia r a t i o  of  0 .0 4 7 .  The to ta l  determined 
non-Kro te in  n i trogen represents only 0.06% of  the t o ta l  dry weight of  
the feces.
Orthoporus tex icolens
Anatomical s tudies of  (). tex icolens reveal a t racheal apparatus 
( t rachea l  pocket)  o f  three  regions whose t o ta l  length is .75 mm in a 
112 mm female (F ig .  9 ,  A, B, C ) . The f i r s t  region is w i t h in  the 
confines o f  the integument (A);  the second region is a simple s t r a ig h t  
c y l in d e r  ( B ) , and the t h i r d  region expands both m edia l ly  and l a t e r a l l y  
(C) and gives r i s e  to  unbranched tracheae (F ig .  8 ,  T ) . The th i rd  
region a lso  is the point  o f  o r i g in  of  muscles (M) that  inser t  on the 
nearest  leg coxa. The thickness of  the w a l ls  of  the three regions 
var ies  from .4  mm in the second region to .05 mm in the t h i r d  region.
In a medial groove near the opening of  the s p i r a c l e  is a lever  
(F ig .  9 ,  L ) , and at tached to th is  lever  is a small muscle (LM) ( .05  mm 
diameter ) which o r ig in a te s  a t  the base of the nearest leg coxa. I t  
appears that  i f  the muscle could contract  w i th  enough force i t  would 
cause the c losure  of the s p i r a c le  by moving the wall  to which i t  was 
attached to  the opposite  wal l  (F ig .  9 ,  L, LM). Supposedly, th is  is the 
muscle and lever  tha t  Verhoeff  thought might be used to close the 
s p i ra c le s  in the Opisthospermophora. Physio logical  evidence
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P la te  2 .  Orthoporus t e x Ic o le n s .
F ig .  5: Ventral  view of  par ts o f  3 sequent ia l  diplosegments
( l a b e l l e d  l t I I ,  and I I I )  w i th  the r ig h t  legs removed on diplosegment  
I I .  A n te r io r  is up. The l i m i t  of  te lescoping overlap  of the 
p o s te r io r  edge of  a diplosegment onto the diplosegment p o s te r io r  to  i t ,  
upon c o i l i n g  of the m i l l i p e d e ,  is shown by the heavy dashed l in e  (LT) .  
Note the depressions (D) fo r  the close a p p l ic a t io n  of the coxae of  the 
legs to the body w a l l .  Both the legs and the act  o f  c o i l i n g  c o n tr ib u te  
to c losure o f  the s p i rac les  (see t e x t ) .
F ig .  6:  Enlarged view o f  s p i r a c u la r  U p  (SL) and s p i r a c l e  (SP1)
showing p o s i t io n  o f  lever  ( L ) .
F ig .  7: Enlarged view o f  s p i r a c l e  l ips  and s p i r a c l e  2 (SP2).
Note the d i f f e r e n t  c o n f ig u ra t io n  o f  the s p i r a c u la r  s l i t .
F ig .  8:  S a g i t t a l  sec t ion  o f  t rachea l  pocket 1 (TP1) and pa r t  of
tracheal pocket 2 (TP2) .  Po s te r io r  is to  the l e f t .  Note the c u t i c u l a r
r idge (R) and compare to  f i g .  5 fo r  b e t t e r  o r i e n t a t i o n .
F ig .  9: S a g i t t a l  sec t ion  (h igher m o d i f ic a t io n )  taken s l i g h t l y
mesad of  f i g .  8 to  show connection o f  lever  ( L ) .
Other abbrev ia t ions are:  Outer region (A ) ,  Middle region ( B ) ,
Inner region ( C ) , Coxa I c a v i t y  (CC), Coxa (CX) , Body w a l l  (BW),
















indicates tha t  c losure  in th is  manner is not possib le  (see discus­
s ion)  .
When 0.  tex ico lens  c o i l s ,  the p o s te r io r  edge of  the pre­
ceding diplosegment covers the a n t e r i o r  p o r t io n  o f  the fo l low ing  
diplosegment,  inc luding a t  leas t  par t  o f  the a n t e r io r  p a i r  of  sp irac les  
(F ig .  5 ,  L T ) . In add i t ion ,  the coxae o f  the p o s te r io r  leg p a i r  of each 
diplosegment is moved upon c o i l i n g  in to  a p o s i t io n  to  cover the 
a n t e r io r  s p i r a c le s  of the fo l low ing  diplosegment (F ig .  5,  0 ) .  The 
coxae o f  the f i r s t  leg p a i r  of each diplosegment cover upon c o i l in g  
the p o s te r io r  p a i r  o f  s p i ra c le s  of  that  diplosegment.  F i n a l l y ,  when 
c o i l e d ,  the f l a t t e n e d  coxa o f  each leg f i t s  t i g h t l y  against  the coxa of  
the leg a n t e r i o r  and p o s te r io r  to  i t  forming a comparatively  complete 
cover over the s p i ra c le s  on the sternum of  each diplosegment.
The re s u l ts  obtained from the des icca t ion  of  0.  tex icolens a t  
2 mm Hg, 4 mm Hg, and 6 mm Hg s a tu r a t io n  d e f i c i t  f o r  5 days gave an 
average weight  loss per day fo r  a t o t a l  o f  48 animals of 2.80%, 2.35%,  
and 2.48% r e s p e c t iv e ly  a t  24°C (Table 4 ) ,  and fo r  a to ta l  of  36 
animals 3.53%, 4.40%, and 5.28% res p e c t iv e ly  a t  30°C (Table 4 ) .  Only 
the rates o f  des icca t ion  a t  6 nn Hg S.D.  were s i g n i f i c a n t l y  d i f f e r e n t  
(P<.05)  a t  the two temperatures.  At the end o f  10 days of  dehydrat ion  
no animals had died and they were returned to  the t e r r a r i a .  When 4 
animals were placed in an 0% R.H. (24 mm S.D.  a t  24°C) d es icc a to r ,  they  
died in 17 days, w i th  an average weight loss of  40.3%. Animals that  
were abraded, and animals th a t  were f i r s t  heated to  45°C had the same 
r a te  o f  water  loss (P>.05)  as contro l  animals not heated or abraded.
The animals tha t  had t h e i r  undersides coated w ith  rubber cement lost
2*+
TABLE *+
Effec ts  of  Desiccat ion on Orthoporus texicolens
No. of
Average





Spec i - Wei ght Loss/Day to
mens(n) ( - I s d . d v . ) ( - lsd.dv) Death
In a i r .  2*+°C
2 mm Hg S.D. 16 *+.50jl  .09 2 . 80-  .85 - -
*+ mm Hg S.D. 16 *+.06-0.78 2 .35x  -83 —
6 mm Hg S.D. 16 3.*+7x1-20 2.1+8- .82 —
2k mm Hg S.D. k *+.31-0.98 2 .3 7 -  .91 17
In a i r ,  30°C
2 mm Hg S.D. 12 3 .69x0 .68 3 .53x1 .20 - -
*+ mm Hg S.D. 12 3 .2 6 J 1 .30 *+.*+0x0.70 —
6 mm Hg S.D. 12 3.5*+-0.79 5 . 2 8 - 1 . 0 0 - -
In a i r ,  2*+°C, Restra ined  
2 inn Hg S.D.  6
from c o i l in g  
*+.23x0.99 *+.00x 1.10
*+ mm Hg S.D. 6 3 .96x1 .10 5.90x1 .21 —
2k mm Hg S.D. k *+.17-0.93 13 .70 -1 .03 3
In 5% C02 + a i r , 2k°C,  Restrained from coi 1 ing
2 mm Hg S.D. 6 *+.03x0.9*+ 3.70x0.9*+ —
k mm Hg S.D. 6 *+.93x1.32 5 .*+0x1 .*+0 —
2k mm Hg S.D. k *+.82-1.09 12.90-1 .11 3
Abraded, 2*+°C
2 mm Hg S.D. 3 *+.2lJo.89 2 .  7*+x 1.00 —
*+ mm Hg S.D. 3 *+.09-0.97 2 .9 3 - 0 .9 8 - -
Heated to *+5°C, 
2 mm Hg S.D.
in a i r ,  2*+°C
6 *+.3270.99 2.87x0 .91
k mm Hg S.D. 6 1+.82-1.02 2 .36x0 .85 —
6 mm Hg S.D. 6 *+.11 - 0 .7 3 2 .5 1 - 0 .7 3 - -
Sp irac les  closed w i th  Rubber Cement, in a i r ,  2*+°C
k mm Hg S.D. 3 3 .97x0 .87 1 .*+2x0.80 1 .5 *
6 mm Hg S.D. 3 *+.02*0.91 1 .38*0 .98 1 .5 *
*  A l l  animals died w i t h in  36 hours, probably of  anoxia.
Means animals did not d ie  w i t h in  5 day tes t  per iod .
Av. % 
Weight 






only I . k2% and 1.38% at  U mm Hg and 6 mm Hg S.D. resp e c t ive ly  and did  
so at a l l  s a tu r a t io n  d e f i c i t s  used. When res t ra ined  from c o i l i n g ,  16 
animals lost  k.O%, 5.9%, and 13.7% per day at  2 mm Hg, k mm Hg, and 
2k mm Hg S.D. compared to 2.8%, 2.k%,  and 2.k% when not re s t ra in e d .  
Sixteen animals tha t  were res t ra ined  from c o i l in g  in 5% C02 -  a i r  
mixture did not lose more weight per day (P>.05) than those res tra ined  
in a i r  a t  the same s a tu ra t io n  d e f i c i t .
The water content of the feces of 0.  tex icolens was about ^5% 
w hi le  feeding on potatoes, dropping to about 28% during 5 days dehydra­
t io n  a t  2^ mm liy S .D . ,  during which time they did not feed.
The ra te  of  oxygen consumption at  15°C, 2.k°C, and 35°C was 32.8  
p l / g / h r ,  6 5 .0 p l / g / h r ,  and 106.8 p l / g / h r  res p e c t iv e ly  (Table 5 ) .  
Respira tory  quotients  a t  15°C, 2k°C,  and 35°C were . 6 5 , . 8 7 , and .86 
r e s p e c t iv e ly .  In 15% O2 the oxygen consumption was ^ 7 .0  p l / g / h r ,  and 
in 10% 02 , 3^ .0  p l / g / h r  (Table 5 ) .  The Q.j0 was 2 .04  between I5°C and 
2k°C and was 1.56 between 2k°C and 35°C.
The osmolal concentra t ion  of  the hemolymph of  6 well  fed specimens 
of 0.  tex icolens taken d i r e c t l y  from the l i t t e r  in the t e r r a r i a  (0 mm 
Hg S .D . )  averaged 193 mOsm, which increased to an average of 302 mOsm 
a f t e r  5 days des iccat ion  a t  6 mm Hg S.D.  No amino acids were detected  
in the hemolymph by the method of  ana lys is  employed.
Analysis of the feca l  m a ter ia l  o f  0.  tex icolens reared in the  
t e r r a r i a  revealed the presence of both u r ic  acid and ammonia. No urea  
was found. The concentrat ion of n i t rogen from u r ic  acid was .07 mg/g 
feces, and the n i trogen from ammonia was . \ k  mg/g feces .  These
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concentrations represent  a u r ic  acid/ammonia r a t i o  of  .50 .  The to ta l  
determined non p ro te in  n i trogen represents only .028% o f  the to ta l  dry  
weight o f  the feces.
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TABLE 5
Metabol ic  Rate of  Orthoporus tex icolens
Cond i t i ons
A i r ,  15°C 
A i r ,  24°C 
A i r ,  35°C 
15%02 
10%02
+ 85%N2 ,24UC 
+ 90%N,,24°C









(±1 s d .d v . )
•30g |0 .19  
.31gJo.17 
•33g^O.19 
. 3 0 g j 0 . l 8  
. 29g - 0 . l 8
Average 02 
Consumpt i on 






to 24°C -  ?. 04 





The t racheal  apparatus of  the two m i l l ip e d s  studied d i f f e r s  both 
morphologica l ly  and f u n c t i o n a l l y .  In the polydesmoid p. crass icut  i s , 
the tracheal  pockets consis t  o f  three regions w i th  no mechanism pro­
vided fo r  c losure  (F ig s .  1 -4 ) .  The t racheal  pocket is unbranched and 
does not communicate w i th  other  t racheal  pockets. The lever-muscle  
arrangement of  region B thought by Verhoeff  to  be a possib le  aid in 
v e n t i l a t i o n  has been shown on the basis of  experimental evidence to be 
unable to pump a i r  in or out o f  the t racheal  pocket .  The thickness of  
the tracheal pocket w a l ls  and the small s i z e  of  the muscle at tached to 
the lever  ind icates  tha t  th is  s t r u c t u r e  is an u n l i k e ly  pump. I t  seems 
improbable th a t  the more massive coxal muscles at tached to the t h i r d  
region of  the t rachea l  pocket would provide enough movement to a id  
s i g n i f i c a n t l y  in forced v e n t i l a t i o n .  The manometric measurement of  
oxygen consumption (Table 3) indicates a smooth and continuous ra te  
w ith  no peaks or burst  of  oxygen consumption even w i th  e leva ted  levels  
of CO2 in the a i r ,  supporting the idea tha t  £ .  crass icut  is lacks a 
v e n t i l a t i o n  or c los ing  mechanism associated w i th  the trachea l  pockets.  
V e n t i l a t i o n  is probably passive,  a simple d i f f u s i o n  of re s p i r a to r y  
gases in and out o f  the s p i r a c l e .  The approximately  500 t racheae,  each 
.02 mm in d iameter ,  found at tached to  the four t rachea l  pockets per 
diplosegment would provide an e f f e c t i v e  diameter  s u f f i c i e n t l y  large fo r  
the passive exchange o f  104 ^ j l /g /h r  oxygen tha t  is needed by the  
animal a t  24°C. Prosser and Brown (1962, p.  154) pointed out that  0^ 
d i f fu s e s  10 m i l l i o n  times f a s t e r  in a i r  than in muscle.  At th is  low
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metabol ic  ra te  the t issue  would be the l im i t i n g  area in gas t ransport  
and not the tracheal  system. I f  there had been a c t i v e  v e n t i l a t i o n  in 
th is  animal ,  i t  is presumed that  the v e n t i l a t i o n  ra te  would have been 
increased when the animal was exposed to low oxygen pressures. This is 
not the case, fo r  £ .  crass i cut i s proved to be a metabolic  conformer 
(Table 3) when placed in 10% and 15% 0 atmospheres. Had v e n t i l a t i o n  
increased, the oxygen volume per gram per hour would have remained more 
co n s ta n t .
In 0.  tex icolens a three-chambered tracheal  pocket is a lso  found,  
but in contrast  io £ .  crass i c u t i s , the t h i r d  region is expanded 
a n t e r i o r l y  and m ed ia l ly  (F ig s .  5 - 9 ) •  The l e f t  and r ig h t  t racheal  
pockets o f  each p a i r  are  continuous v ia  th is  medial  expansion. The 
arch so formed is the po in t  o f  o r i g in  fo r  massive muscles tha t  en te r  
in to  the coxae of the legs immediately p o s te r io r  to i t .  The tracheae  
of  th is  species ,  about 300 per pocket (each .02 mm d iam ete r ) ,  j o i n  the 
t h i r d  region o f  the t rachea l  pocket and not the second region,  as found 
in P. crass icut  i s . Near the boundary o f  region 1 and region 2 ( ju s t  
in te rn a l  to the s p i r a c l e )  is a lever-muscle mechanism s i tu a te d  in such 
a manner i t  would seem that  i f  s u f f i c i e n t  tension on the lever  is 
e f fe c te d  i t  would cause the p o s te r io r  or medial l i p  to c lose (a t  least  
p a r t i a l l y )  aga inst  the l a t e r a l  or a n t e r io r  l i p  o f  the s p i r a c l e .
However, the thickness of the c u t i c l e  of  the t racheal  pocket a t  th is  
point  (about .3 mm) would ind ic a te  that  the lever  muscle could not 
close the s p i r a c l e .  Morpholog ica l ly  i t  is not possib le  to  conclude 
that  th is  mechanism is inop era t ive .
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S i m i l a r i t i e s  in the m uscle- lever  mechanism o f  the two species  
invest igated  seem to s u b s ta n t ia te  V e rh o e f f 's  idea that  they are  
homologous in these two m i l l ip e d  groups. Both muscles o r i g in a t e  at  the 
base of  the coxa of  the nearest leg and inser t  on a lever  der ived from 
e i t h e r  region 1 or region 2 o f  the tracheal  pocket.  The fa c t  tha t  the 
lever  is associated more w i th  the second region o f  the tracheal pocket 
o f  P. crass icut  is and more w i th  the f i r s t  region o f  the t racheal  pocket 
of  0.  tex icolens does not present a problem in homology, fo r  the e n t i r e  
t rachea l  apparatus is thought to be der ived from a s in g le  invaginat ion  
of  the body w a l l .  Even though th is  lever -muscle mechanism is not 
func t io na l  in the two species under con s id e ra t io n ,  i t  is e n t i r e l y  
poss ib le  that  i t  might be func t iona l  in o ther  m i l l ip e d  taxa.
I f  e i t h e r  species had a v a lv ing  mechanism associated w i th  the 
s p i r a c l e s ,  one would expect to ob ta in  resu l ts  s i m i l a r  to those found in 
insects when comparing a CO2 r ic h  atmosphere to an atmosphere low in 
CC^. With a c los ing mechanism one expects the ra te  o f  water loss and 
oxygen consumption to be i r r e g u la r  under condit ions o f  high s a tu ra t io n  
d e f i c i t  and low CO2 concentra t ions .  Conversely,  one expects then an 
e levated  ra te  o f  water loss and uniform oxygen consumption when CO2 
concentra t ion  is ra ised ,  assuming the CO2 s t im ula tes  opening o f  the 
s p i r a c l e s .  These phenominae were not observed in the 2 species of  
m il l ip e d s  s tud ied ,  because r a te  o f  water loss and ra te  o f  oxygen 
consumption remained the same a t  CO2 concentrations o f  a i r  (.5%) and a t  
5%. I i n te r p r e t  these resu l ts  as being fu r th e r  evidence of  the lack of  
a func t io na l  va lve  in e i t h e r  species .
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C o i l in g  in P. crass icut  is does not block the s p i rac les  and th e re ­
fore  c o i l i n g  cannot re ta rd  re s p i r a to r y  water  loss.  C o i l in g  does 
e f f e c t i v e l y  re ta rd  water  loss in 0.  tex ic o le n s . When the animal was 
re s t ra in e d  from c o i l i n g  at  24 mm Hg S . D . ,  i ts  ra te  of  des iccat ion  was 
13.7%/day as compared to  2.37%/day when permitted to c o i l .  When the 
animal is permitted to  c o i l ,  the f i t t i n g  of  the leg coxae over the 
s p i r a c l e s ,  the te lescoping of  the s terna  so as to  cover the a n t e r io r  
s p i r a c le s  of each diplosegment,  and the close contact of  the leg coxae 
to  each other provides a s u f f i c i e n t  cover fo r  the s p i rac les  to g r e a t l y  
reduce the water loss through the r e s p i r a to r y  system.
The metabol ic  rates o f  the two experimental animals a lso  account 
for  some o f  the d i f f e r e n c e  observed in the r a te  o f  d es icc a t io n .  With  
the s p i ra c le s  uncovered in a dry ing atmosphere, the animal w i th  the 
higher metabol ic  ra te  has a higher  exchange ra te  of  gases and the re fo re  
loses more water vapor through the re s p i r a to r y  system. Pachydesmus 
crass icut  is has a higher  metabolic  ra te  and a higher water loss ra te  
than does 0.  tex ic o le n s . When 0.  tex ico lens is permitted to c o i l ,  i t  
can keep i ts  s p i rac les  closed fo r  a long period of t ime due to i ts  
lower metabolic  r a t e .  This fa c t  plus the fa c t  tha t  the low metabolic  
r a t e  causes less gaseous exchange accounts in par t  fo r  the lower ra te  
of  des icca t ion  fo r  th is  animal compared to  P. c ra s s ic u t is  at  a l l  condi­
t ions tes ted .
C u t ic u la r  t r a n s p i r a t io n  accounts fo r  a por t ion  of  the t o ta l  water  
loss per day in the two te s t  species.  P. crass ic u t is  lost  about 
1.5%/day o f  i ts  t o t a l  body weight in th is  manner at 2U°C, U mm Hg S .O . ,  
which represented 8% o f  the t o ta l  water  loss per day. Orthoporus
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tex icolens lost  only about 1 .*4% o f  i ts  t o ta l  body weight per day by 
c u t i c u l a r  t r a n s p i r a t io n  a t  2k°C,  4 mm Hg S .D . ,  but because the to ta l  
water loss per day only represented 2.8% of  the to ta l  body weight,  the 
c u t i c u l a r  water loss was 50% o f  the t o ta l  water loss. This high f ig u re  
is not due to  a more permeable c u t i c l e  but to a lower ra te  of water  
loss through the re s p i ra to ry  system.
Ne i ther  the abrasion caused by rubbing the animals w i th  an 
abras ive powder, nor the continued abrasion caused by f r i c t i o n  between 
c u t i c u l a r  body par ts coated w i th  the abras ive caused any measurable 
increase in water loss.  I t  was found that  the same treatment applied  
to those species of  insects which have a waxy layer  on the e p i c u t i c le  
lose water several  times as fa s t  (Richards,  1953, p. *+6). As is seen,  
the waterproof ing m ater ia l  of the integument must not be par t  of the 
e p i c u t i c l e  in these m i l l i p e d s .  Whatever the waterproofing agent is in 
the m i l l ip e d s  in ves t ig a ted ,  i t  is not a f fe c te d  by heat o f  ^5°C, shown 
by a lack o f  an increase in the ra te  o f  des iccat ion  in animals that  had 
f i r s t  been heated to th is  temperature. Richards (1953, p.  t*i*) reported  
that in those insects which have a waxy layer  on the e p i c u t i c l e ,  the 
ra te  of  des icca t ion  was g r e a t l y  Increased a f t e r  heating to 1+5°C. I t  
appears that  in the species invest igated the c u t i c l e  is rather  imper­
vious to water even though i t  does not have a waxy layer  on the e p i ­
c u t i c l e .  This is the same s i t u a t i o n  found in many insect species.
As pointed out in the l i t e r a t u r e ,  the nocturnal hab it  of  m i l l ip ed s  
accounts for  some water  conservat ion because the s a tu ra t io n  d e f i c i t  in 
the a i r  above the l i t t e r  layer  Is lower a t  night  than during the day.  
Other behavioral pat terns  of  £ .  c rass Icu t  is were observed th a t  a lso
aided in lowering water loss. During dry periods of  the year P. 
crass icu t  is would congregate in the more moist areas by e i t h e r  moving 
several meters or by burrowing deeper in to  the le a f  mold. At times of  
severe drought many of the animals formed molting chambers. When some 
of these chambers were brought in to  the laboratory  and placed in moist 
t e r r a r i a ,  the m i l l ip ed s  w i t h in  emerged from the molting chambers w i th in  
two weeks. A check at  the s i t e  of  c o l l e c t i o n  revealed that  none of the 
chambers there  had opened. I t  was not determined i f  adults  could bu i ld  
chambers for  p ro te c t io n ,  but since the Polydesmida do not continue to 
molt and add segments a f t e r  reaching sexual m a tu r i t y ,  i t  is considered 
d ou b t fu l .  F ie ld  observations were not a v a i l a b l e  fo r  0.  t e x ic o le n s , but 
in the labora tory  these animals burrow deeper in to  the s o i l  as i t  dr ies  
on the su r face .  Since the S p i r o s t r e p t id a  cont inue to molt and add 
segments throughout the t o ta l  l i f e  span, i t  is considered possib le  that  
both immature stages and adults  of 0.  tex ico lens might molt in times of  
water s t r e s s .  O 'N e i l l  (1969) has reported molting to be a mechanism to  
reduce water loss during times of  drought in the s p i ro b o l id  Narceus 
amer icanus.
I f  the temperature is ra ised ,  and i f  the absolute water content of  
the a i r  remains the same, the r e l a t i v e  humidity drops. At the same 
t ime,  the s a tu ra t io n  d e f i c i t  is increased due to the increased sa tu ra ­
t io n  vapor pressure possib le in a i r  a t  the higher temperature. In th is  
in v e s t ig a t io n  the s a tu ra t io n  d e f i c i t  was kept the same at  Zk°C and 
30°C to study 'the e f fe c ts  o f  temperature increase on the ra te  o f  des ic ­
c a t io n .  In £ .  crass icut  is i t  is seen tha t  the ra te  o f  des iccat ion  
remained s t a t i s t i c a l l y  the same at  each respect ive  s a tu ra t io n  d e f i c i t
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.it the two temperatures.  In 0.  tex Icolens there  is an ind ic a t io n  that  
the ra te  of  water loss is higher at  the higher temperature at each 
respect ive  s a t u r a t io n  d e f i c i t .  In £ .  crass icut  is the constant ra te  of  
des iccat ion  can be explained by the fa c t  tha t  the sp i rac les  are open at  
a l l  t imes. At each s a tu r a t io n  d e f i c i t ,  water e x i ts  v ia  the sp i rac les  
at i ts  maximum ra te  fo r  tha t  S.D. The net ra te  o f  water loss is equal 
to  the number of  molecules of  water  leaving the sp i rac les  per un i t  time 
minus the number of molecules of water en te r ing  the s p i r a c le  per un i t  
t ime.  According to Graham's Law, the ra te  (p) that  a gas (water vapor) 
escapes through an o r i f i c e  is dependent on the pressure (P) of  the gas 
( p a r t i a l  pressure o f  water vapor) and the density  (d) o f  the gas,
and is independent of  the temperature (Wil l iams and W i l l iam s ,  1967. 
p. 18) .  In the case o f  0.  t e x ?colens in which the ra te  of  water loss 
increased somewhat w i th  a r i s e  in temperature, the increase o f  water  
loss resul ted  from opening the s p i rac les  more o f ten  to obta in  more 
oxygen. With the sp i ra c le s  closed by c o i l i n g ,  the body t issues were 
not exposed to the drying atmosphere of the des icc a to r .
Desiccat ion to le rance  and to le rance  to des iccat ing  condit ions are  
sometimes used interchangeably,  but fo r  the purpose of  th is  discussion  
they w i l l  be given d i f f e r e n t  d e f i n i t i o n s .  Desiccat ion to le rance  
( *  to le rance to des icca t ion )  re fe rs  to the amount of  in te rna l  water  
loss an organism can w i ths tand .  Tolerance to  des iccat ing  condit ions  
denotes the a b i l i t y  o f  an organism to withstand externa l  drying condi ­
t io n s .  I t  has been shown tha t  the weight loss at  death from water loss
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was about 56% in £ .  crass i c u t Is  and about ^0% in 0.  tex icolens when 
desiccated a t  2k mm Hg S.D.  (0% R .H . )  a t  24°C. These data were 
explained when I determined the os m o la l i ty  of  the hemolymph of the two 
animals from the time they were f i r s t  placed in the desiccators  u n t i l  
the time o f  death.  The osm ola l i ty  o f  the hemolymph of  P. crass icut  i s 
remains about the same dur ing the e n t i r e  t e s t  per iod ,  ind ic a t ing  that  
th is  animal is capable of  reducing the c i r c u l a t i n g  s a l t s  as the to ta l  
water  content of  the hemolymph is reduced. In doing so, i t  prevents  
the rapid reduction of  c e l l u l a r  water because of osmosis, and 
u l t i m a t e ly  a rap id  death because the animal cannot contro l  water loss 
through the s p i r a c l e s .  This is the condit ion  found in most s o d - l i t t e r  
inhab i t ing  animals (Prosser and Brown, 1962, p.  3k ) .  Analysis of the 
o sm o la l i ty  of  the hemolymph of 0.  tex ico lens  revealed that  the osmola­
l i t y  increased as the animal los t  w a te r .  This increase indicates tha t  
the animal does not have the a b i l i t y  to reduce i ts  c i r c u l a t i n g  s a l t s ,  
th e re fo re  the c e l l u l a r  water was q u ick ly  reduced by osmosis upon the 
loss o f  hemolymph w ate r ,  accounting fo r  the lower weight loss at  death  
due to  d e s ic c a t io n .  Because 0.  tex ico lens can contro l  i ts  water loss 
v ia  the r e s p i r a t o r y  system and by other  systems that  are discussed 
l a t e r ,  i ts  to le rance  to  des icca t ing  condit ions is much grea te r  than in 
the polydesmoid. In conclusion,  £ .  crass icut  is has a greater  des icca­
t io n  to le rance  than 0.  t e x i c o l e n s , but 0.  tex ico lens has a g reater  
to le rance  to des icca t ing  condit ions than P. crass icut  i s .
The c o r r e l a t io n  between the a v a i l a b i l i t y  of  water to an animal and 
the form of  the nitrogenous waste product of  tha t  animal is w i th  some 
exceptions very uniform throughout the Metazoa; however, no group o f
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animals has i ts  nitrogenous excre t ion  l im i ted  to one product (Prosser  
and Brown, 1962, p.  2 3 9 ) .  Those animals that  have a v a i l a b le  an ample 
supply of  water to remove the so lub le  but tox ic  ammonia usua l ly  excrete  
ammonia as t h e i r  main nitrogenous c a t a b o l i t e ,  but they may excrete  
sm al le r  percentages of  n i t rogen in other  forms at  the same time.  These 
animals are termed ammonotelic.  Pachydesmus c ra s s ic u t is  from i ts  
hygric  ha b i ta t  and 0.  tex ico lens  from i ts  mesic h a b i ta t  are both found 
to  be ammonotelic. Pachydesmus c ra s s ic u t is  has traces o f  urea in i ts  
e x c r e ta .  I did not detec t  u r ic  acid in the excreta  of JP. crass icut i s , 
but did f ind  i t  present in the excre ta  of  0.  t e x ic o le n s . My resu l ts  of  
a r a t i o  of 1:2 u r ic  acid/ammonia do not compare to  Bennett 's  (1971)  
f  i nd i ng of a 1:5 u r ic  ac id/ammon i a in Cy l indro iu lus  lond i nens i s , a 
mesic j u l o i d ,  or to Hubert 's (1965) f in d in g  a r a t i o  of  1:4 in the same 
species .  The r a t i o  of  urea to ammonia in P. crass icut  is or the r a t i o  
of  u r ic  acid to ammonia in 0.  tex ico lens did not change as the animals 
were des iccated.  Prosser and Brown (1962, p.  146) reported that  many 
animals change t h e i r  exc re to ry  products from the more so lub le  forms to  
the less soluble  forms as the a v a i l a b i l i t y  of  water becomes less .  The 
impl icat ions of  no change occurr ing in the r a t i o  of  excre to ry  products 
in these m i l l ip ed s  under d i f f e r i n g  des iccat ing  condit ions was not 
pursued. The important f a c t  is tha t  the hygric £ .  crass icut  is has 
ammonia and urea as i ts  metabol ic  waste products and the mesic 0. 
tex ico lens  has ammonia and u r ic  acid as i ts  metabol ic  waste product.
The u r ic  acid-ammonia excreted by 0.  tex icolens seems to  ind ica te  th is  
species is b e t te r  adapted to  a d r i e r  environment than the urea-ammonia 
e xc re t in g  £ .  crass icut  i s .
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An in v e s t ig a t io n  of  the water  content o f  the feces indicated the 
a b i l i t y  of the d ig e s t iv e  system (hindgut)  and malpighian tubules to 
reabsorb w ate r .  Pachydesmus crass icut  is is less able  to conserve water  
in th is  manner than is 0.  tex ic o le n s . As £ .  crass ic u t Is  becomes 
desiccated the feces change from a very f l u i d  s t a t e  (85% water)  to a 
sem if lu id  s t a t e  (65% w a t e r ) .  In c o n t r a s t ,  0.  tex ico lens always has 
fecal  p e l l e t s ,  vary ing from 45% water  when in 100% R.H. to  28% when 
dehydrated. This a lso ind icates  th a t  0.  tex ico lens is b e t t e r  adapted 
to a d r i e r  environment than P. crass icut  i s .
LITERATURE CITED
Benr.^ct, D. S. 1971. Ni trogen e xc re t io n  in the Diplopod Cyl indroiu lus  
londinens i s . Comp. Biochem. and Phys io l .  3 9 A :6 l1-624.
Brandon, S. 1967- C ircadian rhythm o f  two species of m i l l ip e d s  by 
low- leve l  gamma r a d i a t io n .  Proc. Louisiana Acad. S c i .  30:70 .  
Causey, Ne ll  B. 19^*3. Studies on the l i f e  h is to r y  and the ecology of  
the hothouse m i l l ip e d e  Orthomorpha g r a c i l i s . Am. Mid. Nat.  
2 9 (3 ) :6 7 0 -6 8 2 .
Cloudsley-Thompson, J .  L. 1950. The water r e la t io n s  and c u t i c l e  of  
Paradesmus g r a c i l i s  (Diplopoda,  Strongylosomidae) . Quart .  J .
M ic r .  S c i .  91 (4) : 4 5 3 -4 6 4 .
___________ , 1951. On the responses to environmental s t i m u l i ,  and the
sensory physiology o f  m i l l ip ed es  (Dip lopoda) .  Proc. Z o o l . Soc. 
London. 121:253-277.
___________ , 1959. Studies in d iu rna l  rhythms IX .  The water re la t io n s
of  some nocturnal t ro p ic a l  ar thropods. Ent.  Expl.  and Appl.  
2:249 -256 .
Conway, E. J .  1939. M ic ro d i f fu s io n  Analys is and Vo lum etr ic  E r r o r .
Crosby Lockwood, p u b l is h e r .  New York.
Dwarakanath, S. K . ,  and S. V. Job. 1965. Studies on t r a n s p i r a t i o n  in 
m i l l ip e d s .  1. Sp irostrep tus  asthenes from a t ro p ic a l  ju n g le  near 
Madurae. Proc. Indian Acad. S c i .  61B:142-146 .
___________ , 1966. R esp ira t ion  and water loss in Sp iros t rep tus
asthenes. Proc. Indian Acad. S c i .  63B:224-228.
Edney, E. B. 1949. Evaporation of  water  from woodl ice .  Nature,  
London. 164:321.
 , 1951. The evaporat ion o f  water  from woodl ice and the
m i l l ip e d  Glomeris.  J .  E x p l . B i o l .  28 :91 -115 .
 , 1957. The Water Re1a t  ions of  T e r r e s t r i a l  Arthropods.
Cambridge U n iv e rs i ty  Press, London.
Gromysz-Kaldowska, Kazemiera, and W. Sto ja lowska.  1966. Resp ira tory  
metabolism in 0.  g r a c i 1 is as a funct ion  of  temperature and body 
s i z e .  F o l ia  B i o l .  Krakow. 14:379-389.
Hubert,  M. 1965. X I I  th In te rn a t io n a l  Congress of  Entomology. London, 
1964. Proceedings, 1965• p.  219.
___________ , 1968. Contr ibut ions a 1 'e tude de 1 ' exc re t io n  chez les
Myriapodes (Progon&ates et  Opis thogoneates) . Arch. S c i .  Phys io l .
2 2 (1 ) :9 3 - 1 0 9 .
___________ . I 9 6 9 . A propos de l ' e x c r e t i o n  d 'a c id e  ur ique e t
d'ammoniaque chez les myriapodes. B u l l .  Mus. H is t .  Nat.  P a r is .
4 1 ( 2 )s u p p l . : 7 2 - 7 4 .
___________ , and P. Razet.  19 65 . Sur les primcipaux elements du
catabolisme azote chez les myriapodes. C. R. Acad. S c i .  P a r is .
261:797-800.
Kevan, D. K. 1962. Sol 1 Animals. Northumberland Press. Gateshead,  
England.
Mead-Briggs, A. R. 1956. The e f f e c t  of  temperature upon the
p e rm e a b i l i ty  to water  o f  Arthropod c u t i c l e s .  J .  Expl .  B io l .  
33:737-749 .
4o
Meites,  Samuel, and W. R. Faulkner .  1962. Manual of  P ra c t ic a l  Micro  
and General Procedures 1n Cl 1n lca i  Chemistry. C. Thomas, 
p u b l isher .  S p r i n g f i e l d ,  Mo.
O ' N e i l l ,  Robert V. 1967. Behavior o f  Narceus americanus on slopes and 
i ts  eco log ica l  s i g n i f i c a n c e .  Am. Mid. Nat.  7 7 (2 ) :5 3 5 —539.
___________ , 1959. Adaptive responses to  des iccat ion  in the m i l l ip e d e
Narceus americanus. Am. Mid. Nat.  81 :578-583 .
Paupandian, A. 1966. A note on the r e s p i r a t io n  of the p i l l  m i l l ip e d
Arthrosphere da ly i  Poc. Curr .  S c i .  35:178-179.
Pert tunen,  V. 1953. Reactions o f  Diplopoda to the r e l a t i v e  humidity
o f  the a i r .  Ann. Soc. Z o o l . Fern. Vanamo. 1 6 ( 4 ) : 1 - 6 .
Prosser,  C. L . ,  and F. A. Brown. 1962. Comparative Animal Physiology, 
2nd ed. W. B. Saunders Co. P h i la d e lp h ia .
Ra ju lu ,  G. S. 1964. A h i t h e r t o  undescribed hydroreceptor in 
m i l l ip e d e s .  Curr .  S c i .  33 :249-251 .
Richards,  A. G. 1953. Penetra t ion  of  substances through the c u t i c l e .  
In Roeder, K. D . ,  e d i t o r .  Insect Phys io lo q y . 1953. John Wiley
and Sons, Inc .  New York.
Romeis, Benno. 1968. Mikroskopische te c h n ik . R. Oldenbourg Ver lag .
Munich, pp. 307 and 648.
S h e l fo rd ,  V. E. 1913. The reac t ion  of  c e r t a in  animals to gradients of  
evaporat ion power o f  a i r .  A study in experimental  b io logy .  B io l .  
B u l l .  25 :79 -120 .
S tew art ,  T.  C. 1969. Measurement of c i rc a d ia n  locomotor a c t i v i t i e s
rhythms in the xystodesmid m i l l i p e d  Pachydesmus c .  crass i c u t i s . 
Proc. Louisiana Acad. S c i .  32 :40 -42 .
41
Toye, S. A. 1966. The e f f e c t  of  des icca t ion  on the behavior  of three  
Niger ian  m i l l ip e d e s .  Ent.  Expl.  and Appl.  9 :378 -384 .
Verhoef f ,  K. W. 1928-1932. Diplopoda in: Bronns Klassen und
Ordunugen des T i e r - R e i c h s . 5 :1 1 :2 :7 -1 3 :1 1 8 7 -1 2 4 0 ,  F igs .  672-729.
Welsh, John H. ,  R. J .  Smith, and A. E. Kammer. 1969. Laboratory  
Exercises in In v e r te b ra te  Physiology. Burgess Pub. Co.,  
Minneapol is ,  Minn. p.  189.
W i l l ia m s ,  R. V . ,  and H. B. W i l l ia m s .  1967. Basic Physical Chemistry 
fo r  Li fe  Sc iences. W. H. Freeman and Co. p.  18.
Wigglesworth, V. B. 1945. T r a n s p ira t io n  through the c u t i c l e  of  
insects .  J .  Expl.  B i o l .  21 :97 -11 5 .
VITA
Thomas Charles Stewart  was born in T y le r ,  Smith County, Texas,
1 January 1937, of  Clarence P. and Annie L. (Haley) S tew ar t .  He 
attended elementary and high school in T y le r ,  graduat ing from John 
T y le r  High School in May, 1955- He attended T y le r  Junior  College and 
Stephen F. Aust in  S ta te  Co l lege ,  graduating from the l a t t e r  w i th  a B.S.  
degree in b io lo g y .  He taught chemistry and bio logy in T y le r  High 
School,  leaving in 1964 to enter  Louisiana S ta te  U n iv e r s i t y .  He 
graduated w i th  an M.S. in zoology in August,  1966. From September, 
1966, to J u ly ,  1968, he was an in s t ru c to r  o f  b io logy a t  Stephen F.  
Austin S ta te  Co l lege .  During that  period he was married to Linda S. 
Carlson. He returned to Louisiana S ta te  U n iv e rs i ty  in September, 1968, 
and is apply ing fo r  the degree of  Doctor o f  Philosophy in the 
Department o f  Zoology and Physiology in May, 1972.




Thomas C. Stewart  
Zoo logy
Anatomical and Phys io log ica l  Studies o f  Water Balance in the 
M i l l ip e d s  Pachydesmus c. c ra s s i c ut i s (Polydesmida) and 
Ortho porus tex ? co lens "(Spi r o s t r e p t id a )  .
Approved:
M ajor Professor ancr'Chairman
Dean /of the Graduate School
E X A M IN IN G  COMMITTEE:
Date of Examination: 
k February 1972
